Abstract: A convenient and sensitive method for determination of sulfanilamide (SNA) was described based on the Mn(II)-catalyzed oscillating chemical reaction. Under optimum conditions, a linear relationship existed between the changes of oscillating period or amplitude and the negative of logarithm of SNA concentration in the range of 4.27 × 10 −8 mol ·L −1 ∼ 7.41 × 10 −6 mol ·L −1 (RSD, 0.85%) and 9.33 × 10 −8 mol ·L −1 ∼ 3.02 × 10 −6 mol ·L −1 (RSD, 1.08%), respectively. The lower limit of detection was found to be 2.69 × 10 −8 mol ·L −1 and 6.03 × 10 −8 mol ·L −1 , respectively.
Introduction
Sulfa-drugs represent a group of compounds discovered in a conscious search for antibiotics. They inhibit bacteria by preventing the synthesis of folic acid, a vitamin that is essential to growth. Although some sulfa-drugs have been replaced by newer antibacterial drug, sulfanilamide (SNA) is still used today in developing countries due to the drug's affordability. Thereby, sulfanilamide analysis continues to be an important objective. The commonly used methods for the determination of sulfanilamide are HPLC [1] and FIA [2] techniques that are selective and sensitive. Unfortunately, these methods also require expensive equipment.
Compared to instrumental analysis, a oscillating chemical reaction has numerous advantages as an analytical tool -it is easy to set-up, simple to operate, linear over a wide range range (ca. 10 −7 to 10 −3 mol·L −1 ), and is sensitive (ca. 10 −6 to 10 −8 mol·L −1 ).
Due to these characteristics, more and more analysts are adopting this technique [3, 4] . Moreover, the well-know FKN mechanism [5] and Talyor's theoretical analysis for the B-Z oscillating chemical reaction [6] promoted further study of this technique. The combination of analyte pulse perturbation technique (APP) [7] and continuous-flow stirred tank reactor (CSTR) established a milestone in the analytical application of B-Z oscillating chemical reaction [8, 9] . Since then, the determination of inorganic [10] [11] [12] [13] and organic [14] [15] [16] [17] substances has been extensively studied.
In the present paper, a convenient and sensitive method for determination of sulfanilamide was reported based on the Mn(II)-catalyzed oscillating chemical reaction.
Experimental

Reagents
All chemicals were of analytical grade and all solutions were prepared using doubly distilled-deionized water.
Postassium bromate, malonic acid (MA), and Mn(II) ion were separately prepared with 1.0 mol × L −1 sulfuric acid solution sulfuric acid solution.
0.01 M of sulfanilamide solution was prepared in distilled-deionized water and stored in refrigerator at 5
• C. The lower concentrations were prepared immediately prior to use.
Apparatus
Studies were carried out within a 50 ml reactor wrapped in a water recirculation jacket. Reactants were distributed to the CSTR and products removed from it using a Model LEAD-1(Baoding Longer Precision Pump Co. Ltd.) with four-channel peristaltic pump, in which three were used to feed reactants solutions, and the fourth was used to maintain a constant reaction volume (see Fig. 1 
Results and discussion
The Mn(II)-catalyzed oscillating system in a strong acid medium exhibits periodic changes in the concentration of Mn(II) and Br − that reflect cyclic changes in color and potential .
The color of the solution changes from pink at the maximum point of the cyclic profile to clear at the minimum point. Adding a trace amount of SNA perturbed the regular profile, implying that the SNA reacts with some of the components in the oscillating system. Because the changes both period and amplitude are proportional to the concentration of SNA, and the oscillating profile can be recovered quickly, thus, these characteristics will be able to use in determination.
In the open system, the first experiment was carried out in the absence of SNA in order to ensure that the process was stable and repeatable. Subsequenty, adding SNA to the regular oscillating system ensured that highest sensitivity and precision were obtained.
Since the addition of SNA changed the oscillating amplitude and period significantly, we defined A and A o as the amplitudes after and before adding analyte and P and P o as the periods after and before adding analyte. Then the values of ΔA and ΔP which were used as analytical signals can be expressed as follows, respectively, Fig. 2 showed a typical oscillation profile in the absence and presence of SNA perturbations. The injection of SNA results in the decrease of amplitude and increase of period of the next profile, which was proportional to the concentration of SNA. However, in order to get an accurate and reproducible result, the addition of the analyte (or called injection point) should be carefully tested. In general, the injection point should be chosen at the maximum or minimum amplitude in the regular profile. Repeatly adding the analyte at the same position ensures that the process is reproducible and precise. For getting a regular oscillating profile, the flow rate of all reactants must be predetermined. In this study, the optimum rate was kept at 1.4 mL·min −1 . Temperature is another parameter to effect on the oscillating profile, the range from 25 • C to 40 • C has been examined and 35
• C was determined to be a suitable temperature.
Influence of experimental variables on determination of sulfanilamide
Since the B-Z reactions take place in an acidic medium, the sulfuric acid concentration was examined at first. The results demonstrate that increasing the concentration of sulfuric acid up to 1.00 mol·L −1 shortens the oscillation period (no change was observed at concentrations greater than 1.00 mol·L −1 ). Thus, 1.00 mol·L −1 was adopted as optimal sulfuric acid concentration (see Fig. 3A ). resulted in a longer period and a larger amplitude. The response to the SNA perturbation showed that the sensitivity of ΔA and ΔP gave rise to maximum when Mn(II) concentration was 6.00×10 mol·L −1 (Fig. 3D ).
Approach to determination of sulfanilamide
The perturbation to the oscillating system by injecting 0.2 ml of various concentrations of SNA under the optimal conditions selected above caused changes in the oscillation amplitude and period that was quantitatively related to the analyte concentration (see Fig. 4 ). Therefore, the response to the SNA perturbation could be evaluated by employing two oscillation parameters, namely (A) the decrease of amplitude and, (B) the increase of period for the oscillating profile after injecting sample. The limit of detection (LOD) was calculated as the amount of analyte yielding signal equal to three times the standard deviation of the oscillation period in the absence of perturbation (n=25), and the precision was expressed as relative standard deviation (RSD) within the dynamic range. The calibration curves obey the following linear regression equation:
ΔP (s) = (81.7 ± 0.9) + (10.9 ± 0.15) lg C SNA (3)
A comparison of the two linear relationships as can be seen in Table 1 . Although both of them performed well in the determination of SNA, the parameter ΔP features a higher precision, a lower determination limit and a wider dynamic range, thus ΔP was selected as the measurement parameter for subsequent experiments.
It is well known that oscillating chemical reactions are sensitive to inpurities. Therefore, the effect of some of common inorganic ions and organic compounds on this technique were investigated. Generally, the inorganic ions and organic compounds with small molecular weight had little influence on the analysis in acidic medium; Additionally, common sulfonamides in clinical practice, such as sulfanilamide (SNA), sulfadimidine (SDD), sulfamethoxazole (SMZ), sulfadiazine (SDZ) and trimethoprim (TMP), cannot dissolve in water, and are not expected to influence the analysis of SNA. 
Sample analysis
A known content of sulfonamide tablets (Biochemical Pharmaceutical Co. Ltd, Jinzhou, China) was analyzed again to validate this method. Using the given sample as standard, a working solution of 7.90 × 10 −5 mol·L −1 SNA was prepared. Then, using the standard addition to evaluate the proposed method, results are listed in Table 2 . 
Conclusion
Sulfanilamide (SNA) is a eurytropic antibiotic, which can inhibit bacteria by preventing the synthesis of folic acid, which is essential to their growth. Since SNA is still used today in developing countries, a simple and rapid method is required for the routine analysis in hospitals. The proposed method meets this need. This method, offers a largely linear range (ca. 10 −8 ∼ 10 −6 mol·L −1 ) and a lower detection limit (ca. 10 −8 mol·L −1 ). As an analytical method, oscillating chemical reactions should be further invetigated.
